Context: There is substantial hospital-level variation in use of tissue plasminogen activator (tPA) for treatment of acute ischemic stroke. Telestroke services can bring neurologic expertise to hospitals with fewer resources.
INTRODUCTION
Tissue plasminogen activator (tPA) is the only treatment approved by the US Food and Drug Administration for acute ischemic stroke, but tPA continues to be underutilized. [1] [2] [3] There are many reasons for this underutilization, including patient factors as well as physician and hospital factors. Among the patient factors that exclude patients from receiving tPA are that patients present outside the treatment window or otherwise fail to meet inclusion criteria for the treatment. Physician and hospital-level factors contributing to less-than-ideal tPA utilization include emergency physicians' discomfort with the medication and its risk profile, and varying levels of hospital resources and support. Indeed, in a previous analysis of our 14-hospital regional integrated health care system, we found considerable hospitallevel variation in tPA utilization. 4 Because of this substantial variation between hospitals' tPA utilization in our health care system, a systemwide telestroke project was implemented. Telestroke refers to the use of telecommunication technologies to provide medical information and services for stroke care, and it is a valuable tool to fill gaps in access to acute stroke services. 5, 6 In the provision of emergent neurologic expertise, telestroke may enable Medical Centers to overcome major barriers to tPA utilization 6, 7 and has a Class I recommendation based on Level A evidence supporting this application. 8 Kaiser Permanente Southern California (KPSC) is ideally organized for implementation of telestroke. The system includes 2 tertiary Medical Centers with in-house stroke neurology and neurologic intensive care units, as well as 12 community Medical Centers that lack such resources. By connecting the resources of the tertiary centers with the needs at the other hospitals, implementation of telestroke could improve the care of all patients with ischemic stroke in the system.
METHODS
We performed a stepped-wedge cluster randomized trial; this design has advantage over a simple pre-post analysis in that it allows for modeling the effect of time on the effectiveness of the intervention. The telestroke intervention was implemented in 11 Medical Centers and incrementally rolled out over the study period. Each Medical Center's Emergency Department (ED) was connected to an on-call stroke neurologist through telemedicine technology. Emergency physicians were encouraged to consult the on-call stroke neurologist via telestroke on any patient presenting with signs and symptoms
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Safe and Effective Implementation of Telestroke in a US Community Hospital Setting suggestive of stroke such as sudden difficulty with speech, strength, sensation, balance, or vision, and arriving within 6 hours of onset. Our primary objective was to determine the effectiveness of the intervention as indicated by increased tPA utilization after implementation. Our secondary objective was to assess for safety of the intervention by examining whether there were changes in rates of tPA-related bleeding complications.
Data Source and Populations
Structured data from electronic health and administrative records identified all patients presenting to 1 of 11 participating EDs in our health care system between July 1, 2013, and January 15, 2015, with a primary diagnosis of ischemic stroke using International Classification of Diseases, Ninth Revision (ICD-9) Codes 433.xx, 434.xx, and 436. Because 2 of the community-based sites had previously implemented telestroke through outside vendors, and 1 hospital has 24-hour inhospital neurologist availability because of a neurology residency, we excluded patients from those sites. Instead, we focused our analysis on the 11 community-based sites in which telestroke was a new intervention. These Medical Centers had a staggered implementation of the telestroke intervention. Medical Center 1 began implementation on August 15, 2013 Demographic and clinical details were extracted for each patient, as well as tPA utilization and an indicator of whether telestroke was used for each visit. We excluded patients younger than age 18 years, those with a previous stroke within 90 days, and those with missing or implausible brain imaging or tPA administration times. The data were combined with predefined rollout dates to create indicators of intervention status by Medical Center per rollout month. Each patient was categorized as preintervention or postintervention on the basis of whether telestroke had been implemented at the presenting hospital by the date of patient presentation. Human subjects approval was obtained through the KPSC institutional review board.
Outcome Measures
The primary outcome was tPA receipt, identified by pharmacy code. Our secondary safety outcome was intracranial or gastrointestinal bleeding, identified by ICD-9 codes (432.xx, 430, 431, and 578.xx). One of the authors (AS) reviewed all charts of patients with questions of the outcome variables.
Statistical Analysis
Patient characteristics were described using medians and quartiles or means with standard deviations for all continuous variables, and frequencies and percentages for all categorical variables. All analyses were 2-tailed and were performed at a significance level of 0.05. For continuous variables with missing values, we used mean imputation and constructed indicator variables for missingness. For categorical variables, an "unknown" category was created, along with the same missing indicators. This ensured that study group comparisons could be constructed for all observations.
The outcome of interest was defined as tPA receipt at a given encounter. It was operationalized both at the patient level to assess patient characteristics and at the medical-center level to assess variability in rates between centers and more appropriately account for effects of the study design. For the former, we used logistic regression to assess the intervention effects on tPA utilization at individual encounters. For the latter, we used negative binomial regression to assess whether the telestroke intervention effect varied 
We also assessed time-by-intervention interactions but found that the intervention effect did not appear to vary by length of exposure to the telestroke intervention. We also tested for interactions with patient race, ambulance arrival, and patient sex. Where necessary, forest plots were used to assess the interactions between the telestroke intervention and the relevant variables. All analyses were conducted using SAS 9.3 software (SAS Institute Inc, Cary, NC).
RESULTS
Of the 2657 patients included in our analysis, 1613 presented in the preintervention period (before implementation of telestroke), and 1044 presented in the postintervention period. The pre-and postintervention cohorts were similar in demographic characteristics and medical history ( Table 1) .
As detailed in Table 2 , tPA utilization increased from 6.3% to 10.9% from the pre-to postintervention period, with no meaningful change in rates of bleeding complications. Telestroke was engaged in 24% of patient encounters in the postintervention period.
Primary Outcome
Patients treated in the postintervention period were more likely to receive tPA than those treated before the intervention (odds ratio = 2.0, 95% confidence interval = 1.17-3.4).
Before telestroke implementation, 8 of the 10 community Medical Centers were significantly less likely to administer tPA to patients with ischemic stroke compared with the largest-volume stroke center. After the telestroke implementation, however, 9 of the 10 community Medical Centers were at least as likely to administer tPA to ischemic stroke patients as that highestvolume stroke center (Figure 1 ). The effect of the intervention did not vary significantly by patient race, ambulance arrival, or arrival off-hours (5 pm-8 am Monday to Friday, or anytime Saturday or Sunday).
Secondary Outcomes
There were no meaningful differences in intracranial or gastrointestinal bleeding complications from the pre-to postintervention periods, and overall bleeding complications was slightly lower after the intervention (5.1% vs 4.9%; Table 2 ). 
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There were also improvements in median time from door to imaging (preintervention = 56 minutes vs postintervention = 44 minutes) and door to needle (66 minutes vs 55 minutes).
We also assessed the same Medical Center-by-intervention interaction for the patient-level data. This additional analysis revealed a similar pattern as in Figure 1 , suggesting that further adjusting for patient characteristics did not change our conclusions. Furthermore, we believe the Medical Center-level analysis provides the added benefit of scaling the monthly rates for each Medical Center by its monthly stroke volumes, and thus provides a clearer interpretation of the findings.
DISCUSSION
In this stepped-wedge cluster randomized trial, we found that implementation of a telestroke intervention in our integrated health system improved rates of tPA administration for patients with ischemic stroke presenting to the community Medical Centers in the postintervention period. Rates of bleeding complications remained acceptably low and did not rise with the increased rate of tPA administration. Our results reinforce the utility of telestroke as previously reported. Many studies have demonstrated the utility of telestroke for assessing stroke severity [9] [10] [11] [12] and for increasing the use of tPA among eligible patients. [13] [14] [15] [16] [17] Our findings add to this body of literature supporting the value of telestroke for improving tPA administration rates among patients with ischemic stroke presenting to community hospitals. We found that telestroke can be implemented safely and effectively in community hospitals, and that the beneficial effects (increased tPA utilization) occurred quickly after implementation without a significant lag period and without any corresponding change in complications.
These findings have important implications for future delivery of stroke care. Particularly in hospitals with limited local resources and/or limited access to neurologic expertise, telestroke is an important tool to aid in the evaluation and treatment of potential stroke. We specifically found that unwarranted hospital variability in stroke care could be eliminated through a standardized telestroke program. Additionally, telestroke may aid in triage and transfer decisions and in identifying patients potentially eligible for endovascular intervention or patients who might otherwise benefit from transfer to a stroke center. Future work may help to clarify the role for telestroke in such decisions.
Our study does have limitations. Our study design does not allow for a calculation of statistical power. We were unable to define the population of patients eligible for tPA; our finding of increased tPA utilization reflects an increased rate of tPA use among all patients with ischemic stroke. However, it is unlikely that our findings reflect a simple increase in the proportion of tPA-eligible patients because the study was conducted over a short period and without any corresponding public health messaging. Secondly, telestroke was utilized in 24% of cases after the intervention, and we do not know what distinguished these cases from those that did not engage telestroke. The seemingly low utilization rate may suggest that most patients with stroke arrived beyond the therapeutic time window. Additional patients may have been excluded if the ED physician noted obvious contraindications to thrombolytic therapy such as recent surgery or anticoagulant use, or if symptoms completely resolved before the telestroke call. Furthermore, we cannot confirm that the 24% of cases in which telestroke was utilized were the same cases in which the improved tPA rate was realized. Yet in the absence of other interventions or qualityimprovement initiatives, it is reasonable to attribute the change in tPA utilization to the major systematic change that took place during this intervention period. Finally, we were unable to assess physician satisfaction with telestroke. Future work in our system should examine whether telestroke remains a frequently used tool, clarify the reasons We specifically found that unwarranted hospital variability in stroke care could be eliminated through a standardized telestroke program.
for physicians' activation or deferral of telestroke, and confirm physician comfort and satisfaction with the use of telestroke for patients with ischemic stroke.
CONCLUSION
In our regional integrated health system, we found that implementation of a telestroke intervention eliminated unwarranted hospital variation in care and led to increased rates of tPA utilization among patients with acute ischemic stroke, with consistently low rates of hemorrhagic complications. Telestroke was implemented safely and effectively in this US community hospital setting. v
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